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In the heavy rere earth region a new radicactive isotepe of 
erbium, Er'65, has been produced by proton bombardment of high=purity 
holmiua oxide in the Ohie State University cyclotron. The radiations 
have been studied by electrometer, magnetic counter, and absorption 
curve methods, and found to consist of electrons, x, and gama radia- 
tion of a ten-hour half life. 

As part of the research, a method for the rapid separation 
of the yttrium group rare earths through the use of chromatographic 
elution in a synthetic, cation exchange, resin column with acid amon- 
ium citrate solution and radioactive tracer technique has been 
develeped and described. 

Fast neutron bombardment of high-purity samples of terbius 
oxide have failed to reveal an approximate 3.9-hour half life for the 
terbiun isotopes, Te5® or 1160, 

Verification data have been provided for the radioactive 
isotepes of holmiua as a result of proten bombardment of pure dyspre- 
sium oxide and deuteron bombardments of pure holmiun oxide. 
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A STUDY OF TRE SRPARATION AND WEASUREMENT OF 
THE HEAVIVR RADIOACTIVE RARE EARTHS 


INTRODUCTION 


The aost desirable target aaterial in cyclotron bembard- 
ments is the elemental metal because of ite ease of manipulation and 
inherent purity. Because of the scarcity of cheuleal sethods for 
the production of rare earth metals, the rare earths necessarily must 
be bombarded as an cxide, This practice introduces a positron Fé 
activity of 1.8 howrs in all bombardments with deuterons and protons. 
Individual rare earths as furnished by the distributere contain 
minute quantities of yttrium. This uinute quantity of iepurity be- 
cause of large cress section for deuterons and neutrons introduces 
@ negatron Y° activity of 2.6 day half life which lergely obscures 
the remaining rare earth activities. In addition, preton bombardnent 
of yttrium produces a 3.3 day Zr°9 positron activity which obscures 
measurements ef the rare earths containing this impurity. Also 
found in the comercial distributers sasples are trace ancunts of 
calcium. High erces sections fer alpha particles is a characteris- 
tic of thie impurity. As a result, a 5.92 how’ positron, gaum 
activity of se’ 1s formed in the alpha bombardments of the rare 
earths. 

Measurenent of rare earth redicactive characteristics thus 
involves complete purification of individual rere earths pricr to, 
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or imeediately efter, bosbardsent. Chemical treatment of the rare 
earth samples prior to >onbardment is attendent with diffleulties 
because of the presence of trace impurities in the chemical ree 
agents commonly used in the laboratery, ‘Thus, while aesomplishing 
purification of the rare earths, the trace impurities of the reagents, 
when activated, may ecmpletely obscure the rare earth sample activity. 

The purifieation by seperation of the radicactive rare 
earth activities after bombarduent is considered more satisfactery, 
sinee this method lends iteelf to radicchemical measurenent, a much 
more sensitive method than ordinary chemical technique. A disadvan- 
tage of this method is the leas of activity due to chemical treat- 
ment and decay of the sample during the time of separation. 

Thie paper, therefore, presents a rapid methed for the 
separation of the rare earths and contaminant activities coumonly 
found in the trace iupurities of rare earths supplied by commercial 
laboratories and, secondarily, extends the knowledge of the radic- 
active properties of Er!65, 7160, ant the holmiua isotopes. 
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As a result of the radiclogical safety program of the Man- 
hattan Project (1943=19h5), it became necessary to isolate the major 
fission species in the forms, purities, and amounte necessary for 
the solution ef the radictexicelegical problems inherent in the quan- 
tity production of pluteniun. In the research that followed, it was 
found that over thirty of the fiesien producte were members of the 
rare earth family (isetepes of yttrium and the group lanthamm through 
eurepiwa). The characterisation of these rare earths presented very 
difficult probleas that were solved only with the intensification of 
ion exebange methods originally developed by G. E. foyd and his co- 
workers (©) and applied to the rare earth field by Cohn and his ee- 
workers‘), In this papers Cohn presented the successful separation 
of the rare earth sequence praseodymiua, neodymium, and elenent 61 
(promethiua). Continnance of this work et the Clinton Laboratories 
led to the discovery that meet of the ions ef sirconiwa, columbiuns, 
cerium, yttrium, barium, strontium, and iodine could be eluted seles- 
tively from the organic resins of Boyd by the use of complexing 
agents, guch as ameoniva citrate, esazoniua oxalate, or ammonium tar- 
trate, under controlled pli conditions (1), 

In the meantime, 7. H. Spedding and his group at Iowa State 
Goliege were developing a method for the separation of maero quanti- 
ties of the rare earths by ion exchange. They reported the satisfac- 
tery separation of ceriua and yttriun'*); neodymium and praseotynium>), 
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Later contributions of the Clinton liational Laboratery were 
the separations of several rare earths of the cerium and yttrius 
groups by ion-exchange resins? % 7), ona the theeretical studies 
of the reactions of the rare earth conplexes(® 9 10), mis ied 
te further modification ef ion-exchange technique of shorter columns 
and nore rapid seperation rates(22» 12), 

These developments enabled Hicks and Wilkinson (13 Ue 15 16) 
at the Crocker Radiation Laboratery of the University of California 
te institute cyclotron bombardments of the rare earth elements with 
confidence in the speed and certainty of chemical identification. 
They were able to make a series of studies of the neutron-deficient, 
redicactive isctopes of neodymitm, promethiun, terbiun, holmium, 
thulium, hafnium, tantelua, and rhenium through the use of ion- 
exchange separations, follewing cyclotron bombardaente employing 
helius ions, deuterons, protons, or fast neutrons. Latest develep- 
ments at the same laberatery have been the characterisation of the 
neutron~deficient, radieactive isotcves of ceriws, praseodymium, and 
neodymium (27), 

Hieke and Wilkinson"3) in their series of studies benbarded 
very pure dysprosium oxide with 38 Mev alpha particles, and the rare 
earth clenents were subsequently chemically separated by the ione 
exehange, resin-column method. The erbium fraction was found te 
contain an activity whose decay gave a half life of approximately 11 
hours. Absorption measurements showed the radiations to consist 
mainly of electromagnetic radiations corresponding te the average 

alin 


i omer Pieters] Lamotte sesaii) eid de sewidy inv wedal 

gn tan weulten oct to uidtao eta Ienswee Yo orokteseyee adt 
Palhede Lenteewest ait tae “© @anteon ognardoxenol qw squorm 
ate A ies wah ata 


Sige one we 8 te cane Mee wa 


# borat or orca ean a ove 


oie « wang « 


i te debeee tdsud at “CO aceite thee wtetll 

oios ocd tee psekotdeny atte voli UC dikw otto exieergayh ew YTV 
meet oid WS betaraqee Uleoluets yLiraeondina amy eenomals cms 
“oF boot oon hottoont mites eat sbontor memicomakeer: yagmuciom 
itv 5 Yo bhi Und » comp stab enode wiviten as skstuen 
th “datnces of emadtatbar 062 bewdn oftenewasen faivgtoed und 
vi aan “qpewrs edt 02 9 Hecqeeswo enektsthen abdecpauewoele to —Untan 

a = 


a Y 


energies of holmiua L and EK xeradiation 7.2 and 52 Kev, respese 
tively; hard gama radiation of 1.1 Mev energy; and very soft 
electrons of total range approximating 10 mg/em* aluaimm in very 
low yield. Since no liehour activity was detected in the eolwan 
separated erbium fraction from helaium bombarded with 19 Mev 
deuterons, allocation of the lishour activity was made te Br}, 
Ho proton bombardments of holmiua were mentioned in this study. 
Alse included in their series of studies were the neutron- 
deficient, radicactive isotopes of holmiunm whieh were predused by 
alphe~particle bombardment ef terbium and by proten and deuteron — 
voubardnent of dysprosium, They reported a 3i—minute, a h.é-hour, 
a 5.2<day, and a 65-day activity as a result of dyspreeium bombard- 
ment with protens. The allocation of the 22.5-minute, h.6<-hour, 
and 65-day holuiun activities te masses 160, 16), and 162) respec~ 
tively, was made on the basis of yields in bombardzents of terbim 
with 385 30, and 19 Mev alpha particles. The 5.2<day activity was 
allocated to mass 163, since it was not observed in alphe-particle 
bombardments of terbiwa, or in fast-neutron bombardments ef holmiun 
but wae formed in yields approximately the same as the other isotopes 
in proten bombardments of dysprosium. | 
Butenent (18) has recently reported a 10 lisv proton bembard- 
ment of holuium oxide of over 99.97% purity and a resulting activity 
in the erbium fraction which consisted solely of electromagnetic 
vadiation with a half life of 10 20.1 hour. This was measured as 
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holaiua X-rays, and the setivity was, therefore, attributed te 


K capture in ar165, formed in the reaction 
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In most cases, ten to twenty-five uilligram seaples of the 
rare carth oxides were bosberded in alunigum interecpter targets 
placed in the beam of the Ohie State University cyclotron. The finely 
powdered oxide was placed in the well of the targets heated to a 
temperature of 500 degrees Centigrade, and then lightly pressed pricr 
te bombardments. Targets were covered with .003S—ineh aluaiaum foil 
jest before target mounting. Bombardwentse were made with 7.1 Mev 
protens, 10 Kev deuterons, ani 20 Mev fast neutrons for periods 
ranging frea five minutes te seven hours. 

Past~-neutron bombardnente wers nade on twenty-five alllie 
_ gran samples ef the oxides in seall plastic capsules. The capsule 
wes placed in a copper target mounted behind a copper target well, 
ecentaining lithiva. fhe target assembly was then placed in the beam 
of 10 Mev deuterons and the fast neutrons obtained from the Li (dyn) 
Be reaction. In thie type of bembardwent, it was necessary to include 
a capsule without saaple in order to determine the capsule activity 
in iteelf., | 
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One of the most difficult processes in the field of chenis~ 
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try hae been the separation of the rare earths from each other inte 
their pure states. their chesical and physical properties are so 
similar that a single operation only enriches ene component. Since 
1945» @ number of research workers have reported studies on the appli- 
cation of chromatographic and ion-exchange methods to the separation 
ef the rare earths 2? 2s 3s be Se & 8 9), yous sussesefal rare 
earth separations ef those reported involved the adsorption of rare 
earths on organic resing and subsequent elution with couplexing agente, 
such as citric acid-emacniaa citrate selution at controlled pli, The 
marked success of the processes described depends on the fact that 
the rare earths fora complexes with the citrate ions. if the pil is 
suitably adjusted, competition is set up for the rave earth ions 
between the citrate complexes and tue active centers of tne resin. 
As the citrate solution washes the rare earths down the colum, sack 
rare earth ion is adsorbed and desorbed many times. The variance of 
equilibriua constants of the rare cartha-citrate couplexes accounts 
for the difference in the rate of travel down the colam and thus 
leads to their seperation. 

The problem of separation then becomes ene of uoving one of 
the rare earth cations out of a narrow adsorption band at the top of 
the columm at « more rapid rate than the others, so that most of Lt 
reaches the bottom of the celwan before auch of the sesond does. 
Attaining optimum separations involves the use of an eluting agent 
which will preferentially reseve one component with uiniaw azcvesent 
of the others down the coluan. The reactions concerned in complex 
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elution of rare sarthe may be considered as reactions of a cation 
A*+* adsorbed on a resin eolven. When on ammonius citrate solution, 
at a pl which will barely support the formation of a complex ion, is 
passed through the column Mi,* in the solution exchanges with a*** 
en the resin in eecerdance with the follewing reversible reactions 


gm,” + A***(resin) <——> at? + 3m *(resin) (2) 


The cation then enters inte the further equilibrium: 
at** + (eitrate ton)® <~—— > A oftrate (2) 


The fraction of total A*** found in the cltrate complex is determined 
by the relative equilibriua constants of Reactions (1) and (2). 

The exehange reactions (1) take plese « certain number of 
tines in each unit length of column. Therefore, the closer the 
approach to equilitrias conditions, the greater the nuaber of theeret~ 
ideal plates and degree ef seperation. iaprovewent in separation 
involves the finding ef conditions which lend themselves to the acet 
rapid attainnent of equiliorian conditions under tne practical con~ 
siderations of operation. the setting of optimum conditions is ea- 
sentially a balancing of the desire for longer colwans, slower flow 
rates, finer resin particles, ani small cation-to-resin ratio against 
the desire for high yield and speod. 

Combined with the date of Ketelle and Boyd(®), the results 
of this research indicate a relative adsorbability of the rare earths 


ass 
Dn 


deedéee s Ye svebieses as dbewdblasse ed yan aidise e193 Io aclduls 
wsiteinn etarths minors, ob 906% «cine Aimer s me hecmeba “°°4 
Sheet nakgewo o te aodiawm’d ost diogwe gous Lliv daide dy a as 
ee er na aRaEN oe Samet, Mens 


we J ie. , : : 
ks e p2E wile 
% Ps ; 
yy oe ee * 


Pgh adores 


easgiokhog gi ty ug gene 


Stein ine nes siaddionoe Ie gauhart adé sevlowal 
ee ee 
aa He, ashy  abatiye tes Slab dala w% endeob ons 
ut iewen sit ‘Pe hte whiefut te used ede wane henicmed 
pionicemeontiedimenneljanageidbuigiigll tiersoens atlé to 


IOS Bh ee et MAL OCk maT yates wit wrod welds of Fag 


Ba 


Gi > T> > Dy > ¥ > Hoe > Er > Tm > Yb > ln 


This progression is in the same order as that of the erystal: ionic 
radii. 

Owing to the very clese siailarity of yttrdua, dysprosium, 
ané holmium, the triad Dy, I, ami He constitutes what may be teken 
as the most difficultly separable of all the rare earths. the yttrim 
subgroup of the rare earths of terbiua through lutesiua cerrespends 
to the filling in ef the second seven electrons in the kf shell of the 
atom, and e maximum similarity in beth the relative redii end adsorb- 
ability ie found with Yb and lu. Txamination of the data of Ketelie 
ana Boyd (©) and the relative ionic redii of Bomar indicates that 
cerium and praseodymiun are the easiest to separate; and ytterbiua 
and luteciwa are the most difficult, excepting for the separation of 
the quasi rare earths yttrium anid dysprosius. 

Rapid column sepsrations necessary for the characterisation 
of short-lived activities in the region of dyeprosium, holmiuay and 
erbiun, therefore, only constitute an emrichment of one component 
in the presence of the other activities. Ittriu: with ite high 
eativities becomes the limiting factor in the speed of elution. 


Qperation of the Columns 


Colunn separations were nade using Dowex 50°7), « synthe- 
tie cation exchange resin containing nuclear sulfonic acid groups 
as the sole ion-active group at any pl value. The resin was obtained 
from the laboratories of the Dow Chemical Company and was supplied 
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in the sodium form of colloidal dimensions. This meterial hed a den- 
sity of 1.5 ga/ml in the dry form and an effestive nolecular weight 
of 168. 

The preparaticn of the resin prior te use consisted of heate 
ing the material te 100°F, with 1-1/2 volumes of LM ammonium chloride, 
cooling, and decantation threucgh three cycles. This eetion was 
follewsd by eicht washings with 2-1/2 volumes of dietilled water. 
After each wash, the supernatant and any fine material in it was dis~ 
carded. 

The eluting agent employed was 0.25 moler citric acids ace 
cwately adjusted te a pk 3.05 with awmenium hydroxide and protected 
against mold growth with 1/2¢ vhencl solution. 

The colwan consisted of a thin polystyrene tube, 0.3 centi- 
meter in thickness, 1.) centimeter in internal diazeter, and 20 centi- 
meter in length. The utilisation of a polystyrene coluan in place 
of a longer clase colwm, mentioned in the literature, permitted a 
more efficient survey of the movement of the radieactive rare earths 
through the column. The resin bed was 15 centimeter in leneth and 
was supparted on 6 filter of glace week. 

The column apparatus (Figure 15) consisted of the resin bed 
(A)» plastic colunn (8), and the flow-rate bottle which controls the 
rate of flow through the adjustment of hydroetatic head (C). The 
flow rate was adjusted to 0.25 ml/em* of column area/minute, ‘This 
flow rate corresponded to six drove per minute. 

fhe first step in operation after removing the rare carth 
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oxides from the aluminas target was te dissclve this material in 

@ winiwum of concentrated nitric acid, precipitate the hydroxides 
with soncentrated ammonium hydroxide, centrifuge the solution, dee 
cant the supernatant liquid, and wash the precipitate. This precess 
is repeated several times and the precipitate finally dissolved in 
nitric acid. The rare earth flucrides are precipitated by the addi- 
tion of 5 cc concentrated HF, These are removed by centrifugation 
and wasted with distilled water. At this point, the contasinating 
attivities are limited to the rare earths and scandim. The flucrides 
are then dissolved in a nitrie acid-boric acid solution (8104 HNO, 
saturated with berie acid), and the complete cycle of purification is 
repeated again. The final hyfrexides are dissolved in HCl, pi 1-1.5, 
and transferred to the tep of the lon~exchange resin selwan. 

This starting solution was first slewly passed through the 
column, causing the solute mixture to be adsorbed at the tep. The 
eluting solution was then passed through the celuan at the specified 
rate, the effluent being monitored »y means of a special apparatus 
eonsisting of a ulea-windowed, Geiger-iiuller tube mounted in 2 lead 
“ghiold 0,5 inh in thickness on the sides and 0,25 om the ent facing 
the column, A 0,33<ineh opening in the end plate wae provided for 
scanning the effluent. The tube was attached to a counting rate 
meter ani Esterline-angue recorder. fy this means, it was possible 
to obtain a continuous record of the beta and gemma emitters in the 
effluent ef the column, Fractions of the effluent were collected at 
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definite changes in activity and fractions containing more than twice 
beckground activity were transferred to evaporation dishes, evaporated, 
and ignited to 1L00 degrees Fehremhelt in the electric furnace. The 
rare certh residue was then extracted with hot nitric acid and the 
hydroxide precipitated with emaoniua hydrexide and dried under an 
infra-red lamp. | 
Results in Colunn Separation 

Several preliminary rups were wade with various types and 
nesh-sise, ion-exchange material in an effort to determine optiaus 
flow rates, coluan lengths, end mesh size. The first prelisinary 
run was made with s 50 om x 1 em, Dowex 50, GO-mesh size colwan with 
a flow rate of 0.03 mi/ex*/minute and « pl 3.05 anmoniua citrate 
solution at room tenperature'l3), nis experiuental sepsration was 
found to be unsatisfactory from the tine and coupleteness of separa 
tion viewpoint. Pinel eotivity eppeerense covareed in the terme of 
days and little differentiation was noted. 

The second experimental run wes unde with a 90 em x 1/2 om 
Tonex, 150-300-mesh size coluan with a flow rate of 1.0 al/cn® /minute 
and @ pi 3.05 aumonium citrate solution at a temperature of 100 
degrees Centigrade(6), this nothod was alse considered unsatisfae~ 
tery from the time and operational viewpoint, but seperation of 
yttrium and sirconium was eceomplished. This separation required 
thirty-six hours, but survey seanning ef the column indicated the 
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feasibility of using a auch shorter coluwan. Examinstion of the scane- 
ning plot (Figure 1) indicated that satisfactory separation could 
have been chtained with a 15<em coluan in one-third cf the tine. 
Bubble formation in the bed of column due te the elevated tenperatare 
indicated the need for room-temperature operation. 

During the first preliminary experiments, it had been noted 
that the rate of initial movenent of the activities dewn the column 
was proportionsl t- the initde)l adsorption technique. When initial 
adsorption cecurred with ion-exchange material outside ef the columns 
as recommended by Kicke'3), siow elution and separation occurred. 
When initdal adsorption was made in the upper-bed levels by the 
method of Toupkins"2), rapid elution was obtained. 

The third experinental ren results are shown in Figure 2, 
with the equipment and methed previously described and illustrated 
in the Appendix. This curve represents the time at which the four 
groupe of activities, resultant from the four-hour deuteron bombard= 
ment of 20 mg of terbiua exalate, 20 ng of holmiws oxalate, and 20 
ug of thulius chleride, eluted by amacniua citrate, passed the scan- 
ning tube and illustrates the degree of separation obtained. Yttrium 
found in the plot is the common contaminant of the three materiale. 
This experiment reveals a rapid uethod of separation but could be 
duproved upon te give more specific separation of the individual 
rare earths by decreasing the flow rate by one-half, 
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After seperation and recovery of the individual rare earth 
hydroxides, the sauplee were sounted on small cardboard “drug boxes" 
and covered with 0,002=inch Zapon. liadistion characteristies were 
determined by means of lead, copper, and eluminum absorptions of 
the radiations, and by half-life decay curves. Aluninun absorptions 
were taken in the asserted manner, ari the energy of beta particles 
was determined from the range of electrons in alusinws, This range 
has been taken as the miniwws absorber thickness required for total 
absorption. Lead absorptions were utilised te determine the radia- 
tion half thickness in gn/on®, From this half thickness measure- 
ment, relative gama-way energies could be determined, Aluninun and 
copper absorptions were used to determine X-ray half thickness, 
absorption coefficients, and wave lengths. 

Measurements wers wade with end-on, Geigersfaller tube 
counters which had 3 mg/en® wica windows and were filied with 10 
em argon and 1.0 em alechol, Variations in counter efficiency 
were taken into account by the use of « cobalt standard. The 
sealing cirewit used was the conventional type, soale of Gh. A 
erude beta-ray spectrometer of low resolution enabled the distine- 
tion of positive and negative electrons. 

Meagurenents vere also made with a Wulf, wmifilier 
electrometer, an ionization chamber containing freon fas under twenty 
atmospheres! pressure, adistions entered the lonization chamber 
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through an alusinus foil of 20 og fen’. Direetly over the eleetrom 
eter was an electromagnet arrangement by which charged particles 
could be deflected away from the icnisation chaaber and electromag- 
netic radiations alone measured. Ganma radiation decays were 
measured by insertion of 1/4 inch of aluninua between ectivated 
sample and ion chamber. 


Kolatwn Isotopes 


In an effort to verify the activities of the radioastive 
isotopes of holuiuz, short and long bonbardusnts of dysprosiua 
oxide with protons were coupled with deuteron bombarduents of 
holmius. The literature te date lists six known, radicactive 
isotopes "45+ 20) 45 risted on the following pages ami one stable 
isotope 100% pure Bo, 

The first experimental bombardment was a 10 Mev deuteron 
bombardment of 85-minute duration on a sample of holmium oxide 
prepared by br. J. K. Marsh of Oxford for Adan Hilger, Lid., Labera- 
tory Wo. 12425. This sample was considered to be remarkably pure 
for holmium, as it contained 2% dysprosivm and only traces of 
yttriua, calcium, and magnesiun. 

Measurement of the resultant total activity through eight 
half lives on the Wulf electrometer revealed a 27~now' half life 
consisting of a 1.75 Mev B” particle, and a .95 Mev gamma ray 
(Figure6). This is in agreement with values previously mentioned. 
Electromagnetic radiation decay was in accord with that of the total 
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Six Known Radicactive Isotopes 


Tsotepe By Radiation Half Life Mav Bey 


1. Ho = etn Kye BY 022 min Qel? (e-) 1.2 


2, Ho. = eretn «= Ke be6 bre = a. (™) ~— sed 


Dy=p-n 
Dy~d=2n 
3. wot? Th=Oen KyB"pe", * 8665 days Ook {-} i 
Dy~-p-n 0.8 
Dy=d-n 
2a 
he 023 Dy-p-n Kee", $.2 days 0.5 
Dy=d=n 7 daye Ooh 1.2 
2n 
5. BolSh ton ton ming 095 
Dy=p=n s ki? min. 0.7 
Hown=2n 
166 v 
6b. Ko Ho=ne- 1 B", 27 hr. 1.8 0.8 
7 » br. ee 1.36 
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activity measured. The reaction predominant in the benbardaent was 
so™®5 (4,p) wo, wo visible evidence of an SoS (4,2n) ml6s 
reaction could be noted. 

The second experimental bombardment was a 7.) Mev proten 
bombardment of 20<ninute duration of a sample of dyeprosiua oxide 
prepared by Dr. Prandtl ef Munich for Adem Hilger, Ltd., Laboratory 
we. 6h02. This sample was of extreme purity as it contained only 
traces of calcium, gadolinium, and praseodyniua. 

Measurement of the total activity through nine half lives 
on the Wulf electrometer revealed a complex decsy curve which, upon 
analysis, indicated three activities of 19 minutes, 39 minutes, and 
1.8 hours. Absorption and megnetic counter measurements indicated 
the 18-hour activity ss P48 produced by the O18 (psn) P48 reaction. 
The 19minute and 39-minute activities correspond to the listed 
activities of Hol ana nosh, 

The third bombardment was a 7.1 Mev proton bombardment of 
four hours' duration of the semple of the second bombardnent. 
Measurement of the total activity through eight half lives with the 
electrometer revealed a complex decay curve that indicated three 
activities of hours, 18 hours, and 7 days (Figure4+). Asbsorp- 
tion and electromagnetic radiation decay curves indicated these 
agtivities te be x and gamma radiation. The h-hour activity cor~ 
responds to Ho) and the Taday activity to HoM3, The 1B-hour 
activity is not reported in the literature and say be due to the 
presence of gadolinium. 
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Zerbim Leotepes 


The literature of Hevesy, Levi, and others\49) nas 
reported a 3.9-hour activity in the isotepe of terbiua of mass 
nuuber 160. This activity has been formed by a Th"? (n,y) te160 
reaction. fo substantiate this activity, a sample of coluan-separated 
terbius was obtained from the Oak Ridge National Leberateory. This 
Sample was as pure as present chemical techniques ean provide and 
was bombarded with fast neutrons for « peried of four hours at an 
intensity of 20 Mev. Measurements of the resultant activity of 
capsule plus sample ani capsule alone (Ficure7 ) gave no indication 
of a 3.9-hour activity as a result of either fast- or slewensutron 
bombardment. 


Erbium Jootepes 


The Bureau of Standards (2°) rists six stable isotopes of 
erbium of mass mamber 162, l6hy 166, 167, 168, and 170; and tro 
radioactive isotopes of mass number 160 and 171 with half lives of 
9 daye and 7.5 hours, respectively. To date, there is no listing 
for the mass nusber 165, although examination of the isotepe tables 
at higher and lower atomie numbers indicates the good probability of 
a radioactive isotepe of moderate half life that desays by elestre~ 
magnetic radiation being existent at this number. 

Te develep this thought, a series of bombardnents was 
undertaken, A first experiment consisted of the deuteron bombard- 
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ment and measurement of Hilger Sample Wo. 12425, mentioned wader 

holmius isotepes. No new activity was observed in this esctivation 
as the Ho”® activity was predominant. ‘This finding is in agree~ 

nent with that of Hicks and Wiliinson(1® , 

The second step wes the bombardment of Sample No. 12)25 
with 7. Mev protons for a peried ef fow hours. Sealary magnetic 
electrometer and absorption measurements through seven half lives 
revealed a new cleectromganetic radiation decay half life of ten 
hours that corresponded to x and gamma radiation accompanied by a 
weak electron emission (Figurel0). Thin aluminum absorption 
pietured an electron end point corresponding to 50 mgfem* or 0.22 
Mev energy. Lead absorption data gave a half thickness of 7600 
ng/on*, which, when corrected, corresponds te a gamma energy of 
0.65 Mev (Figurel). The setivation of impurities was indicated 
by the presence of long decay pericds in the electron ani gauma 
decays. 

A thira step in the development was the six-hour proten 
bombardment of a sample of colunn-separated holmium oxide obtained 
from the Oak Ridge National Laboratory. Although of extrene 
purity, only thirteen millicrems were available, andy consequently, 
limited the amount of activity available for absorption measure- 
ments. Exact purity of the sample was «known and thus gave rise 
te doubt as to the identification of the longer half-life activity 
present in the sample after the expiration of the ten-hour electron, 
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m, and gemms radiation were in egreement with the findings of the 
second experiment. Thin alusinu: absorption measurement gave an 
electron eni point of 50 mg/ex® (Figure 12). Lead absorption 
measurenents were inconclusive »eeause of the weak intensity of 
radiation. The ratio of the intensity of the ionization by the 
beta rays to that by the gamma rays was approximately 10 te 1, which 
sorresponds to an emission ef about ten gamma raye per electron. 
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GONGLUS IONS AND SUMMARY 


1. Rare earth lene can be separated from one ancther 
through the use of ion-exchange colums, but complete separation 
of these icns cannot be accomplished in lees than trelve hours. 
This methed of chromatographic elation in a Dowex 50, ion-~ 
exchange colunn oan be adapted to remve contaminating activities 
other than the rare earths ani te separate the lighter and heavier 
rare earths in less than twelve hours. 

Refinsnent of the factors of separation (flor rate, 
elution solution, smd coluun length) ean lead to conplete seperae 
tion of rare carths as target materials prior to boabardment. 


2. Some of the radicactive isotopes of holmim heave been 
measured and activities found that correspond to the 20-minute half 
life of Mass Wo. 160; he6ehow half life of Mase Ho. 161; 7-day 
half life of Mass Ho. 1635 3$—minute half life of Mase No. 16h; and 
27-hour half life that corresponds to Mass No. 166, 


3. The stable isotope of terbium has been beubarded with 
neutrons in an effort te determine the presence of « 3.9-hour half 
life in the terbiun isotope of Mees No. 160. Mo comparable activity, 
as mentioned in the literature(9), could be distinguished. The 
conelusion is that ne 3.f-howr activity exiets in the isetopes of 
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he A new radioactive isotepa of erbium has beea found from 
the proten bomberdnent of high-<ourlty samples of holmiu oxide, 
This radicsetive isotope Er445 decays by electron, x, and gamma 
radiation with « ten-hour half life and electron energy of 0.22 
Mev. 
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